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Pseudo-wollastoni te  (CaSiOa), sometimes also described 
as a and,  more  rarely,  as fl wollastonite,  is the stable form 
of wollastonite above about  1126 ° C. I t  was originally 
discovered by Brefiosa (1885) in a devitr if ied glass of 
doubtfu l  origin and  n a m e d  'Bourgeoisi ta ' .  I t  occurs 
commonly  in melts,  slags and  some glasses and  has been 
found na tu ra l ly  in me tamorphosed  rocks in South  West  
Persia  (McLintock, 1932). Pseudo-wollastoni te  usual ly  
crystallizes as small, i rregular  grains, often tabular ,  bu t  
sometimes also as fibres a r ranged in parallel or d ivergent  
groups. Po lysyn the t i c  twinning  is common.  The crystals 
give rise to a near ly  uniaxial  interference figure, are 
optical ly positive and  s trongly birefr ingent ;  a---- 1.610, 
fl----1.611, y = 1.654; 2V = 9 ° (Ferguson & Merwin, 
1919). X - r a y  powder  da t a  have been recorded (e.g. 
Clark, 1946; A.S.T.M. index) bu t  no single-crystal X - r a y  
work  has been described. The powder  da t a  are in agree- 
m e n t  wi th  those obta ined in the present  investigation,  
which,  together  wi th  the powder  da ta  of other  anhydrous  
and  h y d r a t e d  calcium silicates, are being compiled for 
publ icat ion elsewhere. 

The crystals for the present  invest igat ion were k indly  
suppl ied by the  Building Research  Station.  ~:hey were 
p repared  by heat ing a stoichiometric  mix ture  of pure  
calcium carbonate  and  pure ground quar tz  a t  1550 ° C. 
and  cooling slowly to about  1000 ° C. The crystals occurred 
as shiny flat platelets  on the surface of the melt ,  the  largest 
single crystals being about  250 × 250 × 10/~. Their  optical 
proper t ies  were in agreement  wi th  those quoted above,  
wi th  y perpendicular  to the plate.  

X - r a y  oscillation, ro ta t ion  and  Weissenberg photo- 
graphs  were t aken  about  an axis approx imate ly  perpen- 
dicular  to the plate  (c) and  about  two axes in the plate  
at  r ight  angles to each other.  The cell dimensions thus  
deduced  were 

a ---- 6.90, b ---- 11.78, c = 19-65 A ,  
a = ~ = 90 °, fl = 90 ° 48 ' .  

The dens i ty  de te rmined  at  the Building Research  Stat ion 
was 2.92 g.cm. -3, which gives 24 formula  units  of CaSiOa 
per un i t  cell (calculated densi ty  2.90 g.cm.-a). 

The cell is triclinic bu t  has pseudo-planes of s y m m e t r y  
perpendicular  to all three crystal lographic axes and  is 
thus  pseudo-or thorhombic .  Al though  the single crystals 
avai lable  were too small to be easily tested for piezo- 
electr ici ty,  several polycrystal l ine pieces were found 
conta ining larger single individuals  which  were suitable 
for t h i s  purpose.  No piezoelectr ici ty could be detected.  
E v e n  the  largest  f ragments  proved too small to be tested 
for pyro-electr ici ty.  The absence of a centre of s y m m e t r y  
was therefore not  established. 

Oscillation photographs  of a crystal  m o u n t e d  about  c, 
t aken  a t  60 ° and  120 ° to each other,  as well as Laue  
photographs  wi th  the X - r a y  beam parallel to c, showed 
c to be a pseudohexagonal  axis. The 001 reflexions were 
absent  for 1 odd;  c is therefore a pseudo-6a axis. The 
pseudo-hexagonal i ty  accounts  for the near ly  uniaxial  
optic figure. 

Systemat ic  absences were observed for all hkl reflexions 
for which h+]c was odd, i.e. the  cell is C face-centered.  
A pr imit ive cell could therefore be chosen half the size 
of the original cell. The smaller cell has dimensions 

a'  ---- b' --~ 6.82, c' --- 19.65 A (--- c ) ,  
a' = fl' = 90 °24 ' ,  y' = 119 ° 1 8 ' .  

I t  re ta ins  the  pseudo-hexagonal  c axis and depar ts  from 
a hexagonal  outline by only a few minutes  in each of the 
angles, but  is triclinic. 

Some addi t ional  regularit ies observed in the diffraction 
pa t t e rn  are more convenient ly  described in terms of the 
larger pseudo-or thorhombic  cell, to which all subsequent 
da ta  are therefore referred. 

In  addi t ion to the sys temat ic  absences for all hkl 
reflexions when  h ÷ k  = 2n~- l ,  absences were also ob- 
served for all Okl reflexions for which 1 ---- 4 n + 2 .  Each  
half cell a;  b; ½c thus has a pseudo-c glide plane perpen- 
dicular  to a, but  the whole cell has no such overall glide 
plane. 

Layer  lines corresponding to k = 3n on rota t ion photo- 
graphs about  the b axis were much  stronger than  the rest. 
(As expected from the pseudo-hexagonal i ty ,  a rota t ion 
photograph  about  an axis a t  60 ° to b in the a b plane 
closely resembled the ro ta t ion  photograph about  b.) If  
the  weaker  layer  lines are neglected,  there  is a t rue plane 
of s y m m e t r y  perpendicular  to b, so tha t  each sub-cell 
(a" ---- a; b" --~ lab; c" ---- c) is monoclinic.  Moreover, each 
sub-cell, like the  original pseudo-or thorhombic  one, is c 
face-centered and  shows a pseudo-c glide plane perpen- 

t t .  , dicular  to a"  in each half-cell a , b"" ½c". The sub-cells 
are more s t rongly pseudo-hexagonal  than  the t rue  cell. 
wi th  hexagonal  axes a ' " =  b ' " =  ½b; c " ' =  c. The re- 
lat ionship between the four cells is shown in Fig. 1. 
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Triclinic, pseudo-orthorhombic cell,a b 
Pseudo-hexagonal cell,a' b' 

. . . . . . .  Monoclinic'subcell, a% a b"= ~b 
Pseudo-hexagonal sub-cell,a" b" 

Fig. 1. The relationship between the unit ceils. 
c is the same for all four cells. 

I t  was impract icable  to proceed with  a detai led struc- 
ture  de terminat ion ,  but  it was though t  possible tha t  some 
s t ructura l  resemblance might  be found between the high- 
and low-tempera ture  forms of wollastonite which would 
facil i tate fur ther  investigations.  Single crystals of the 
two forms were therefore hea ted  at  t empera tu res  below 
and above the t ransi t ion tempera ture ,  respectively.  The 
t ransformat ion of ei ther  modif icat ion into the other  was 
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sluggish, requir ing several days '  heating,  bu t  the crystals 
did not  shat ter .  X- ray  photographs  of the products  
showed t h a t  bo th  t ransformat ions  gave rise to a random 
ar ray  of small crystall i tes which were either produced 
direct ly b y  breaking-up of the larger original crystal  or 
by  a complete dis integrat ion of the original structure,  
followed by  recrystal l izat ion.  In  ei ther  case the experi- 
ments  do not  demonst ra te  any  s t ructural  resemblance 
between the two modifications which could be used to 
elucidate one of the crystal  s t ructures wi th  the help of 
the other. 

We wish to t h a n k  Prof. J .  D. Bernal,  F.R.S. ,  for his 
interest ,  and  the Building Research Stat ion for assistance 

wi th  experimental  work. The work was carried out  as 
par t  of an extra-mural  contract  for the Building Research  
Board and we t h a n k  the Director of Bui lding Research 
for permission to publish this  paper.  
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A considerable amount  of accurate information has been 
collected about  the configuration and  dimensions of the 
peptide amide group, whereas comparable da ta  for the 
terminal  amide group are still missing. Only three crystal  
s t ructure  determinat ions of compounds containing the 
terminal  amide group have been published, namely,  those 
of aeetamide (Senti & Harker ,  1940), L-glutamine 
(Cochran & Penfold, 1952) and  glycyl-T,-asparagine 
(Pasternak,  Ka tz  & Corey, 1954; see also Katz ,  Pas t e rnak  
& Corey, 1952); the  dimensions reported for the group 
are appreciably different. For  this  reason an accurate 
crystal  s t ructure  analysis  of a simple amide would be of 
interest.  The crystals  of suceinamide appeared to be 
specially suitable for a s tudy,  because of the simple 
molecular s t ructure  of this  compound and  also because 
a p lanar  configuration was expected for its molecule by  
analogy to related compounds. In  crystals  of succinic 
acid the molecule is extended and  planar  (MacGillavry, 
Hoogschagen & Sixma, 1948; Morrison & Rober tson,  
1949), and  the same holds for the succinamic acid pa r t  of 
glycyl-L-asparagine. I f  the molecule of succinamide also 
is extended and  planar,  then  each of the two C-N bonds 
and  the central  C-C bond have to be trans for steric 
reasons, and  the molecule has, like the molecule of 
succinic acid, a center of symmetry .  

Crystals of succinamide (decomposition point  about  
250 ° C.) were easily obtained from water  in monoclinic 
plates bounded by  (001) faces. Perfect  cleavage along 

(100) indicated a layer  s t ructure  parallel  to this  plane.  
The unit-cell  dimensions derived from rota t ion  and  
Weissenberg photographs  are 

a 0 - -  6.96, b 0- -  8.02, c0---- 9 .90A,  ~ - -  102.5°; 

dens i ty  (by flotation) ----- 1.442 g.cm.-3; number  of mole- 
cules n ---- 4 (calc. 3.98); sys temat ic  absences, hkl when 

* Contribution No. 1819 from the Gates and Crellin Labo- 
ratories. This investigation was supported in part by a 
research grant, RG-1987, from the l~ational Institute of 
Health, Public Health Service. 

h-}-k is odd, hOl when h and l are odd. These absences 
are characterist ic for the space groups Cc (n = 4) and  
C2/c (n = 8). Since there are bnly four molecules in the  
un i t  cell, this  la t ter  centrosymmetr ic  space group would 
require the molecule to lie on a center of symmet ry .  

In  addi t ion to the systematic  absences, ve ry  pronounced 
pseudo-absences are observed in the (hk0) zone; re- 
flections wi th  h and k both odd are missing except  two 
which are extremely weak. B y  contrast ,  the  (h00) re- 
flections are outs tandingly  strong and show the  normal  
decline. This in tens i ty  pa t t e rn  is compatible  only wi th  a 
layer  s t ructure  parallel to (100) wi th  all the  a toms ly ing  
almost  exact ly  in the planes x----¼ and  x----~; the  
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Fig. 1. The arrangement of the molecules of succinamide 
within the layer x---- ¼ or x = ¼. 


